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ABSTRACT 
The Tomales Bay g i l l  ne t  f i s h e r y  was dominated by 5-, 6-, and 
7-yr-old herr ing,  CZupea harefigus pazzasi, which combined f o r  
82% of t h e  ca tch  i n  t h e  1982-83 season. The San Francisco Bay 
g i l l  net f i s h e r y  was dominated by 5- and 6-yr-old herr ing,  
which combined f o r  64% of t h e  catch. The San Francisco Bay 
roundhaul f i s h e r y  was dominated by 3-, 4-,and 5-yr-old herr ing 
t h a t  combined f o r  72% of t h e  catch. Two-year-olds composed only 
14% of t h e  ca tch  i n  San Francisco Bay, indica t ing poor r e c r u i t -  
ment of t h e  1981 y r  class. The mean length  of herr ing i n  t h e  
Tomales Bay ca tch  declined t o  208 mm BL, but t h e  mean l eng th  of 
t h e  San Francisco Bay g i l l  n e t  and roundhaul f i s h e r i e s  increased 
t o  203 mm BL and 183 nrm BL, respectively.  
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INTRODUCTION 
The Department began monitoring t h e  age, s i z e ,  afid sex  composition 
of t h e ' p a c i f i c  herring,  CZupea harengus pazzasi, r o e  f i s h e r y  ca tch  i n  
Tomales and San Francisco Bays i n  1973. 
S p r a t t  (1981 and 1982) reported on d a t a  co l l ec ted  by sampling t h e  
roe  f i s h e r y  ca tch  from 1973 u n t i l  1982. This r epor t  provides a continu- 
ous time series of d a t a  through t h e  1982-83 season. 
METHODS 
Sampling 
I n  Tomales Bay herr ing samples w e r e  taken a t  Marshall,  and i n  San 
Francisco Bay sampling was a t  Sausa l i to  and San Francisco. Three samples 
were taken per day i n  each bay during t h e  f i sh ing  season when herr ing were 
avai lable .  A sample consisted of 2.3 kg (5 lb)  co l l ec ted  as t h e  v e s s e l  
unloaded. 
A l l  samples were processed in a f r e s h  condit ion soon a f t e r  they were 
. col lec ted .  Laboratory procedures have remained unchanged s i n c e  t h e  f i s h e r y  
began in 1973 (Sprat t ,  1981). Every f i s h  i n  t h e  sample w a s  weighed t o  t h e  
neares t  0.1 g, measured i n  m i l l i m e t e r s  body length,  and sex  and maturi ty 
were determined. Body l eng th  was used a s  t h e  u n i t  of measurement because 
the f l e s h y  caudal peduncle of herr ing makes t h e  hypural p l a t e  d i f f i c u l t  t o  
locate .  Body length  was measured from t h e  t i p  of t h e  snout t o  t h e  end of 
the s i l v e r y  part of t h e  body. Oto l i ths  were removed f o r  age determination 
and stored i n  gelatin capsules. Ages were assigned by the author using 
previously discussed c r i t e r i a  (Spra t t ,  1981); A l l  o t o l i t h s  were read twice 
before final age determinations were made. 
RESULTS 
Tomales Bay 
A t o t a l  of 25 simples was co l l ec ted  t h i s  season and 185 individual  
f i s h  were processed. 
Age Composition 
- 
The Tomales Bay g i ld  net iani?ings w e r e  dominated by 5-, 6-, and 7- 
yr-old herring,  accounting f o r  82% of t h e  ca tch  by number and 79% by 
weight (Table 1). 
The o lde r  age classes (8- and 9-yr-olds) w e r e  w e l l  represented and 
accounted f o r  14% of the  ca tch  by number. The f i s h e r y  was r e s t r i c t e d  t o  
g i l l  n e t s  i n  1977, and since then, t h e  ca tch  has been dominated by 5-, 6-, 
and 7-yr-old herring.  The percentage of 3- and 4-yr-old herr ing i n  the  
ca tch  had averaged 12% since  t h e  1979-80 season, but decreased t h i s  sea- 
son t o  only 4%. 
Size  Composition 
The average length  of herr ing i n  t h e  Tomales Bay ca tch  decreased t o  
208 mm BL (Table 2). This equals t h e  smallest, previously recorded mean 
length  of 208 mm BL from t h e  1980-81 season (Sprat t ,  1982). I n  pas t  . 
seasons, changes i n  t h e  average s i z e  of herr ing caught have cor re la ted  
with changes i n  t h e  age composition of t h e  catch,  o r  timing of t h e  f i s h e r y  
i n  r e l a t i o n  t o  spawning a c t i v i t y .  This year a l l  t h r e e  major age classes 
(5-, 6-, and 7-yr-olds) decreased i n  mean length  (Table 3), but t h e r e  was 
no corresponding s h i f t  t o  younger herring. 
San Francisco Bay 
A t o t a l  of 70 samples was col lec ted  t h i s  season and 631 individual  
f i s h  were processed. 
Age Composition 
I n  San Francisco Bay, t h e  roundhaul and g i l l  net fisheries were sampled 
. 
separately.  There was a s i g n i f i c a n t  change i n  the  age composition of t h e  
roundhaul catch,  Two-year-old herr ing a r e  usua l ly  one of t h e  s t ronger  age 
c lasses  i n  t h e  f i shery .  Recruitment of t h e  1981yr c l a s s  (2-yr-o3ds) i n t o  
t h e  f i s h e r y  t h i s  season was poor, accounting f o r  only 14% by number of t h e  
catch. The dominant age groups were 3-, 4-, and 5-yr-old herr ing,  account- 
i ng  f o r  73% by number and 72% by weight of the  ca tch  (Table 1) .  The 1978 
(5-yr-olds) and 1979 (4-yr-olds) y r  c lasses  a r e  two of t h e  s t ronger  year 
c lasses  t o  en te r  t h e  f i s h e r y  and continue t o  have a s t rong inf luence  on t h e  
catch. There were no 9-yr-old herr ing sampled and 8-yr-old herr ing com- 
posed only 1% of t h e  catch; t h i s  is consis tent  with t h e  pas t  f i v e  seasons, 
when 8- and 9-yr-old herr ing have averaged 1 t o  2% of t h e  catch. 
The age composition of t h e  San Francisco Bay g i l l  ne t  f i s h e r y  has 
s t a b i l i z e d  t h e  pas t  f i v e  seasons and is dominated by 5- and 6-yr-old herr ing,  
which composed 64% by number and 62% by weight of t h e  catch.  The numbers 
of 8- and 9-yr-old herr ing in t h e  g i l l  n e t  ca tch  increased t o  lo%,  t h e  h ighes t  
level i n  5 y r  (Table 1). 
Size  Composition 
The mean length  of t h e  San Francisco Bay roundhaul ca tch  increased 
6 nmn t o  183 mm BL (Table 2) .  This increase  r e f l e c t s  t h e  poor recruitment 
of 2-yr-old herr ing (1981 yr c l a s s )  and t h e  coritinued growth of t h e  
strong 1978 and 1979 y r  c lasses .  I n  addi t ion ,  t h e  mean l eng th  of a l l  age 
groups except 3-yr-olds increased s l i g h t l y  (Table 4 ) .  This i s  i n  con t ras t  
t o  Tomales Bay where mean lengths  decreased s l i g h t l y .  These changes in 
length  are wi th in  t h e  range of l eng th  estimates from previous seasons and 
a r e  believed t o  represent  normal seasonal  va r ia t ion .  
The average l eng th  of herr ing in t h e  San Francisco Bay g i l l  n e t  c a t c h  
a l s o  increased t h i s  season t o  203 mn BL (Table 2). There was no change i n  
t h e  lengths  of dominant age classes (Table S), bur t h e  numbers of 3-, and 
4-yr-old he r r ing  declined while t h e  numbers of 7-, 8-, and 9-yr-old herr ing 
increased, r e s u l t i n g  i n  t h e  2-mm BL increase  i n  mean length. Mean lengths  
of t h e  g i l l  n e t  ca tch  have been decl in ing s i n c e  g i l l  n e t s  became a major 
gear i n  t h e  San Francisco Bay f ishery .  The inc rease  t h i s  season is an 
indicat ion t h a t  t h e  mean length  of t h e  ca tch  may s t a b i l i z e  above 200 mm, 
Sex Ratio 
The sex and biomass r a t i o  (fema1e:male) of Tomales Bay, and both t h e  
San ~ r a n c i s c o  roundhaul and g i l l  n e t  f i s h e r i e s ,  were near ly  equal (Table 6). 
The biomass r a t i o  w a s  1:0.6 (63% £males )  i n  San Francisco Bay and 1:O.S 
(67% females) i n  Tomales Bay. The sex r a t i o  was 1:0,6 (63% females) in t h e  
Tomales Bay and San Francisco Bay g i l l  ne t  f i s h e r i e s ,  while t h e  sex r a t i o  was 
1:0.7 (59% females) i n  t h e  San Francisco Bay roundhaul f i shery .  This is one of 
t h e  h ighes t  female t o  male r a t i o s  recorded i n  t h e  roundhaul f i s h e r y  and is an 
ind ica t ion  t h a t  roundhaul boats  i n  San Francisco Bay w e r e  at tempting t o  t a r g e t  
on females. 
DISCUSSION 
The age composition of t h e  Tomales Bay herr ing g i l l  n e t  c a t c h  has 
s t a b i l i z e d  t h e  pas t  t h r e e  seasons. Since t h e  1980-81 season, 5-, 6-, and 
7-yr-old herr ing combined have averaged 78% of t h e  ca tch  by number per season. 
Herring over 7 y r  olderemain w e l l  represented i n  t h e  catch,  averaging 
13% by number f o r  t h e  pas t  t h r e e  seasons. Af ter  11 y r  of . f ishing,  
age and s i z e  compo.sition d a t a , i n d i c a t e t h e  her r ing  r e sou rce  of Tomales Bay 
has remained r e l a t i v e l y  s t a b l e .  
. 
-In San Franc isco  Bay, t h e  g i l l  n e t  f i s h e r y  is s e l e c t i v e  towards o lde r  
her r ing .  Sampling t h e  roundhaul f i s h e r y  is  t h e  b e s t  i n d i c a t o r  of t h e  con- 
d i t i o n  of t h e  resource.  The 1981 y r  c l a s s  (2-yr-olds) is t h e  weakest year  
c l a s s  t o  e n t e r  t h e  San Francisco Bay f i s h e r y  s i n c e  t h e  r o e  f i s h e r y  began i n  
1973, The c a t c h  t h i s  season w a s  dominated by 3-, 4-, and 5-yr-old he r r ing ,  
t h r e e  s t r o n g  year  c l a s s e s  (1978, 1979, and 1980). This  is t h e  f i r s t  season 
that 4-yr-old h e r r i n g  dominated t h e  roundhaul ca t ch ,  bu t  t h e  1979 y r  
class is  one of t h e  s t ronge r  year  c l a s s e s  t o  e n t e r  t h e  f i s h e r y ,  Poor r e c r u i t -  
ment of t h e  1981 y r  c l a s s  con t r ibu ted  t o  a d e c l i n e  i n  t h e  San Francisco 
Bay populat ion i n  1983 ( ~ ~ r a k t ,  19831, I f  t h e  1982 y r  c l a s s  is  a l s o  
weak, t h e  San Francisco popula t ion  can  be expected t o  d e c l i n e  f u r t h e r  and 
the f i s h e r y  could be a f f e c t e d .  
To date, no year  c l a s s  f a i l u r e s  have occurred and only  two year  c l a s s e s ,  
t h e  1977 and 1981 were s i g n i f i c a n t l y  weaker than  t h e  o t h e r s .  Th i s  monitor- 
ing program d e t e c t s  yeas  c l a s s  f a i l u r e s  when they occur ,  and i n  conjunct ion  
w i t h  biomass e s t ima te s ,  w i l l  make i t  p o s s i b l e  t o  p r e d i c t  t r e n d s  In  abundance 
so t h a t  c a t c h  quotas  may be ad jus t ed .  
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TABLE 1 .  Age and Weight Composition of the 1982-83 Pacif ic  Herring Roe 
Fishery Landings, by Area and Gear. 
2 3 4 5 6 7 8 . 9  
Tomales Bay 
G i l l  net 
Percent by number - - 4 24 34 24 11 3 
Percent by weight - - 3 21 33 25 13 5 
San Francisco Bay 
Round hau 1 
Percentbynumber 14 24 29 20 10 2 1 - 
Percent by weight 10 ,19 29 24 13 3 2 - 
San Francisco Bay 
G i l l  net 
Percent by number - 0.3 8 32 32 18 8 1 .7  
Percent by weight - 0.2 6 29 33 20 9.4 2.4 
TABLE 2. Mean Length of P a c i f i c  Her r ing  from t h e  Tomales and San F r a n c i s c o  Bay Roe F i s h e r i e s ,  
1972-73 th rough  1982-83 Seasons.  
San F r a n c i s c o  Bay Tomales Bay 
' G i l l  n e t  Roundhaul 
Mean l e n g t h  S i z e  range  Mean l e n g t h  Size r a n g e  Mean l e n g t h  S i z e  r a n g e  
1977-78* 217 194-248 211 178-23 6 178 144-232 
1978-79 N o  samples 203 164-234 183 146-222 
1979-80 2 1 4  1 9  6-23 6 2 08 184-230 180 148-220 
1980-81 2 08 172-234 205 170-236 178 150-226 
1981-82 211 17  6-23 6 201 160-228 177 148-226 
2 08 203 183 1982-83 184-23 6 170-230 152-226 
*Tomales Bay h a s  been r e s t r i c t e d  t o  g i l l  nets s i n c e  1977. 
TABLE 3. Length Frequency of t he  Tomales Bay Herring Catch 1982-83. 
Age (years) 
Length (mm BL) 3 4 5 6 7 8 9 
36 1 
34 
3 2 
230 3 2 
28 3 I 
26 1 2 1 ' 
2 4 2 1 
22 4 3 1 
220 2 2 1 
18 2 2 
16 11 
14 2 8 2 
12 2 3 
210 3 5 1 
8 13 3 
6 12 2 
4 2 7 1 
2 ' 9 1.2 
200 9 6 
98 6 5 
9 6 6 
94 9 
92 2 
190 2 
88 2 
86 5 
84 1 
Number 8 4 5 62 44 20 6 
Mean length  186 198 205 215 223 226 
S tandard deviation 1.2 3.8 4.0 5.2 6.5 4.2 
TABLE 4. Length Frequency of San Francisco Bay Roundhaul Herr ing Catch 
1982-83.. 
Age (years )  
Length (rum BL) 2 3 4 5 6 7 8 9 
Number 34 5 6 66 47 2 3 5 3 
Mean l eng th  164 174 185 194 201 210 217 
Standard d e v i a t i o n  4.8 4.7 3.0 4.2 3.6 2.6 9.0 
TABLE 5. Length Frequency 05 San Francisco Bay Gill Net Herring Catch 
1982-83, 
Age (years) , 
Length (ma BL) 3 4 5 - 6 7 8 .  9 
- -- -- 
Number 1 31 128 130 6 9 31 7 
Mean length 17 0 187 19 6 2 03 211 219 222 
Standard deviation - 3.6 4.3 4.4 6.2 5.8 4.1 
TABLE 6.  Female.to Male Sex and Biomass (Weight) Ratios of the Catch 
for the 1982-83 Herring Roe Fisheries. 
0 
Tomales Bay 
S e x  rat'io 
Biomass ratio 
San Francisco Bay g i l l  net 
Sex ratio  
Biomass ratio 
San Francisco Bay roundhaul 
Sex ratio  
Biomass rat io  
